Abstract. This paper investigates the influence of different types of steel fiber on the mechanical properties of High Performance Fiber Reinforced Cementitious Composite (HPFRCC) as well as the shear failure mode of steel reinforced HPFRCC beams. Moreover, the influence of parameters such as span to effective depths (a/d) ratio of beams and longitudinal reinforcement ratio on shear strength of HPFRCC beams are examined. In reference to the results, despite the same tensile strength of both straight and hooked fibers utilized, the performance of straight steel fiber is superior to the hooked steel fiber due to its physiognomies. However, the beam specimens with straight steel fiber exhibit considerably lower deflection and ultimate load capacity when subjected to shear load. Also, the results show that the influence of type of steel fiber is more significant than the influence of longitudinal reinforcement ratio, i.e. the beam specimen with hooked steel fiber and 0.94% reinforcement ratio displayed higher deflection and ultimate shear load capacity compared to the specimen with straight steel fiber and 1.88% longitudinal reinforcement ratio.
Introduction
Conventional concrete performs well under compression, but it is very brittle, thus it fails under flexural and sudden loads. To suppress these flaws presented by the conventional OPC Concrete, a new cementitious composite, High Performance Fiber Reinforced Cementitious Composite (HPFRC) with enhanced mechanical properties was developed (Ganesan et.al, 2007; Yu et.al., 2014; Yoo & Banthia, 2017) . To suppress these flaws presented by the conventional OPC Concrete, engineers and scientists developed a new cementitious composite, High Performance Fiber Reinforced Cementitious Composite (HPFRC), composed by OPC, fine sand, quartz sand, Silica Fume, Fly ash, superplasticiser, water and steel fiber, which presents mechanical properties far superior compared to the conventional concrete and it is more durable (Yu et.al., 2014; Shin et.al., 2017) . These superior mechanical properties of HPFRCC are mainly due to the increment in the bond between particles, the use of steel fibers and the low water-cement ratio in the mix design. By using different percentages of steel fibers in the mix design, researchers were able to prove that the HPFRCC has a greater strength, ductility and durability compared to the conventional concrete. HPFRC was developed in the 90s, and since then, many believe that HPFRC is one of the most promising construction materials because it is far superior to conventional concrete, as the constituents of HPFRC contribute most efficiently to the different structural requirements including strength, toughness, energy absorption capacity, durability, corrosion resistance and damage tolerance when subjected to large deformations in reinforced structural members (Parra-Montesinos 2005; Billington and Yoon 2004; Matthew et al. 2016) . To achieve such superb mechanical properties, a more compacted microstructure is applied in the mix design, through the use of a low water-to-binder ratio (W/B), high-range water reducing agents, very fine admixtures, and high-volume content of steel fibers (Choudhary et.al., 2014; Eldin et. al., 2014; Russell and Graybeal, 2013) . Apart from the enhancement in the mechanical characteristics, the HPFRCC differentiates from the conventional concrete because it does not contain coarse aggregate in its mix design. (Larrard and Sedran, 1994; Richard and Cheyrezy, 1995; Toledo et al. 2012 ). Often two types of steel fibers are used in the mix design -straight and twisted steel fiber. Moreover, studies conducted proved that the use of twisted steel fibers enhances the post cracking tensile strength and strain capacity, compared to straight and short steel fibers (Yoo et al. 2016 ). On the other hand, Shin and Mitchell (2017) stated that despite all the great advantaged that the steel fiber brings to the mixture; it can also become a problem, because it may create a nonhomogeneous mixture, and also reduce the workability.
To date, there are several studies conducted on behaviour of HPFRCC elements; however, there are limited research on the effect of type of steel fibers on behaviour of high-performance reinforced composites members. This study, investigates the influence of type of steel fibres on both mechanical properties of HPFRCC samples with different mix designs; and ultimate shear strength of reinforced HPFRCC beams. For this purpose, hooked and straight steel fibers are incorporated in various HPFRCC beams with different shear span-to-effective depth ratio (a/d) and longitudinal reinforcement ratio. (2018) https://doi.org/10.1051/matecconf/201820306018 ICCOEE 2018
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HPFRCC mix designs
In this study, four different mix designs are used as shown in Table 1 . Mix C, without steel fibre is used as a control mix, to compare with other mix designs with steel fibers. Mix A, Mix B and Mix D are casted with both straight and hooked steel fibers to study the impact of the different types of steel fibers on the mechanical properties of HPFRCC samples. The characteristics of straight steel fiber (SSF) and hooked steel fiber (HSF) used in this study are stated in Table 2 . 
Beam specimens
In this paper, four reinforced HPFRCC beams with different longitudinal reinforcement ratio and different shear span to depth ratios of 2.0 and 3.5 as indicated in Table 3 
Mechanical properties
In this study, both hooked and straight steel fibers were used to further understand the impact of the steel fibers in mix design. As shown in Figure 2 , after 28 days of curing the mixtures containing straight steel fibers presented a greater compressive strength compared to the mix designs with hooked steel fiber. The compressive strength provided by the straight steel fiber increases by 22.47% in Mix A and by11.64% in Mix B. This greater compressive strength is due to a more compact mix design that the straight steel fiber allows the mix to have due to the ends that they have, thus reducing the number of voids in the mixture. Figure 3 shows the flexural strength of the mixtures after 7, 14 and 28 days of curing. As can be seen from the figure, Mix C without steel fiber, has the lowest flexural strength compared to other samples, because of its high brittle nature. However, Mix B SSF, containing straight steel fiber, shows slightly higher flexural strength with 19.25 MPa versus 18.9 MPa strength of Mix B HSF with hooked steel fiber. https://doi.org/10.1051/matecconf/201820306018 ICCOEE 2018 The load-displacement of the specimen B1 with straight steel fiber (SSF) and hooked steel fiber (HSF) with a/d=2.0 are shown in Figure 4 . The two beams experimented have the same design parameters such as the aspect ratio, length, effective depth, reinforcement size and mix design. As shown in the figure, the beam B1 casted with hooked steel fiber fails under the shear load of 278 kN, whereas the beam with straight steel fiber fails at the ultimate load of 198 kN. Also, with respect to the deflection capability, B1 specimen with hooked steel fiber exhibited slightly greater compared to the beam with straight steel fiber. Moreover, the failure modes of the beams are shown Figure 5 . As can be observed from the figure, B1 specimen with hooked steel fiber failed due to shear cracks and concrete crush induced at the MATEC Web of Conferences 203, 06018 (2018) https://doi.org/10.1051/matecconf/201820306018 ICCOEE 2018 compression zone under the loading point, whereas B1 specimen with straight steel fiber failed mainly due to the shear cracks with large amount of crack opening induced. Figure 6 presents the load-deflection response of the specimens B2 and B3 with a/d=3.5, but different longitudinal reinforcement ratio of ρ =1.88% and ρ = 0.94%. B2 has one layer of reinforcement and it has hooked steel fiber in its matrix. On the other hand, the specimen B3 has two layers of reinforcement and straight steel fiber in the matrix. Theoretically, with the increment of layers of reinforcement, the shear strength of the beams increases, because of the extra strength provided by the steel reinforcement. Nonetheless, throughout the experiments, it was noticed that the specimen B2, with one layer of reinforcement has a greater ultimate shear load compared to the specimen B3, with 2 layers of reinforcement. It can be concluded that this increment on the shear strength of approximately 29% is due to the superior shear resistance of hooked steel fiber used in the specimen B3. The concrete crush and failure modes of the specimens B2 and B3 are displayed in Figure 7 . As can be observed from the figure, both specimens exhibited similar failure patterns with vertical concrete cracks across the height of beams; however, greater amount of concrete cracks opening occurred in specimen B2 with straight steel fiber. 
Conclusions
In this paper, the influence of type of steel fiber on mechanical properties as well as ultimate shear behaviour of HPFRCC beams were studied. Two types of straight and hooked steel fibers were used in order to investigate the loaddeflection response as well as failure modes of the beams with a/d= 2 and 3.5 and longitudinal reinforcement ratios of ρ = 0.94% and 1.88%. Different HPFRCC mix designs were experimented and investigated. The HPFRCC mix design of D in this study with 120 MPa compressive strength was incorporated to investigate the shear failure mode of the beams. The experimental results of HPFRCC mechanical properties showed that the performance of the samples with straight steel fiber is superior compared to the samples with hooked steel fiber, where the compressive, tensile and flexural strength of the cementitious composites are greater by 11%, 46% and 2%, respectively. However, the experimental results of the beam specimens subject to shear load demonstrated that the beams with hooked steel fiber presents a greater ultimate load and deformation capacity for all beams with a/d=2 and 3.5. Moreover, the results showed that B3 specimen with hooked steel fiber and lower longitudinal reinforcement ratio (ρ = 0.94%) displayed greater shear strength and deformation capacity compared to the specimen B2 with straight steel fiber and higher longitudinal reinforcement ratio (ρ = 1.88%), which implies that the influence of type of steel fiber is more pronounced than the influence of longitudinal reinforcement ratio in HPFRCC beams subject to shear loads.
